Given the widespread occurrence of indoor ETS exposure 10 it is of considerable public health interest to estimate the burden of lung cancer related to ETS. We have attempted to estimate this in terms of deaths from lung cancer among non-smokers attributable to exposure to spouse's ETS. The estimate refers to the 15 countries of the European Union (EU) and to the year 1990.
MATERIAL AND METHODS
Given the different prevalence of smoking in men and women, the estimate of the number of deaths from lung cancer in the EU due to exposure to spouse's ETS was conducted separately for the two sexes. For each sex, the first step consisted of estimating the number of lung cancer deaths occurring in 1990 among married nonsmokers (for country i).
This required, in turn, an estimate of the proportion of lung cancer deaths attributable to active smoking (APs i ). where RRs is the relative risk of lung cancer due to active smoking and Ps i is the proportion of smokers some 20 years earlier, namely around 1970. Initially RRs was set equal to 10 for both sexes. 1 Additional analyses were conducted with other values of RRs.
The proportion of male and female smokers in the different EU countries were derived from nationwide surveys conducted during the early 1970s (except for Portugal, where the earliest data available are from 1980). 12 Since no data were available for Luxembourg, the data from Belgium were used. Concerning the former German Democratic Republic (Former GDR), we used the proportion of male and female smokers derived from former Federal Republic of Germany (Former FRG). Some key features of these surveys are presented in Table 1 . The estimated APs i were then applied to the total number of lung cancer deaths, in order to derive the number of lung cancer deaths occurring among married non-smokers (Na i ):
where Nt i is the total number of lung cancer deaths occurring in 1990, and Pm i is the proportion of subjects married around 1970. The number of lung cancer deaths in 1990 (1987 for Belgium) was derived from the WHO Mortality Database, and the proportion of ever married subjects (including the divorced and widows) aged 20 and more was derived from UN statistics 13 ( Table 1 ). The proportion of smokers was assumed to be equal among married and unmarried subjects. One should also notice, at this step, the approximation introduced by the assumption that the proportion of smokers is the same in the total population and among deaths from lung cancer not attributable to smoking, i.e. that smoking does not influence the risk of lung cancer not directly attributable to smoking. The number of lung cancer deaths among non-smokers attributable to exposure to spouse's ETS (Ne i ) was estimated by applying again the formula for the attributable proportion of lung cancer deaths occurring among non-smokers:
where APe i is now the proportion of lung cancer deaths attributable to exposure to spouse's ETS:
RRe (the relative risk of lung cancer due to exposure to spouse's ETS) was set equal to 1.3 for both men and women.
14 Additional analyses were carried out assuming RRe = 1.2, and RRe = 1.1 according to the risk derived for exposure to spouse's ETS from studies carried out in Europe and the results of the EPA's metaanalysis for Europe. 9 The proportion of non-smokers married to a smoker (Pe i ) was then derived by applying a correction factor (concordance ratio) to the product of the proportions of smokers in the two sexes. 15 The concordance ratio is the ratio of the odds of concordance of smoking habits between the two spouses to the odds of their discordance. It takes the form of the commonly used odds ratio calculated from a fourfold table based on the smoking habits of the two spouses (Appendix). A concordance ratio of 3 was used, 16 and additional analyses have been carried out assuming concordance ratios of 2 and 4. RESULTS A total of 1146 lung cancer deaths was estimated to be attributable to exposure to spouse's ETS in the EU in 1990. They represent 0.7% of the total number of lung cancer deaths occurring in this population. Of these, 839 (73%) occurred in women. The results by country and sex are presented in Table 2 . As can be inferred from the methods of calculation, the estimated number of deaths for each sex and in each country depends on the total number of deaths and is directly related to the proportion of smokers in the other sex and inversely related to the proportion of smokers in the same sex. The UK, Italy and Germany together contribute almost two-thirds of the total number of the estimated deaths among women, while the UK alone contributes 27% of the total number of deaths among men, and France, Germany and Italy contribute an additional 15% each.
The effect of our assumptions on the final estimate was assessed by: (i) varying the concordance ratio from 3 to 2 and 4, and the RR of active smoking from 10 to 8 and 15 (Table 3 ). In general, the estimated number of lung cancer deaths due to exposure to spouse's ETS increased 2-3 fold by moving from one extreme (high concordance and high relative risk) to the other extreme (low concordance and low relative risk): the extreme estimates in women were 534 and 1022, and in men 172 and 472, respectively; (ii) reducing the RR for exposure to spouse's ETS. When set at 1.2, under the same 'central' assumptions as in Table 2 (a concordance ratio of 3 and an RR for active smoking of 10), the estimated number of lung cancer deaths was reduced by about 30%: 579 in women and 203 in men. When the RR for exposure to spouse's ETS was set at 1.1, these estimates became 290 for females and 99 lung cancer deaths for men. The minimum estimates, under the extreme assumption of a concordance ratio of 4 and of an RR for active smoking of 15, are 138 deaths for females and 55 for males. 
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DISCUSSION
The increase in risk of lung cancer from exposure to ETS does not need to be large to translate into a significant health hazard because of the large number of smokers and the consequent widespread presence of ETS. However, the size of this effect in terms of number of lung cancers caused in different populations remains a matter of research. This paper presents an estimate of the number of deaths from lung cancer attributable to exposure to spouse's ETS in 15 European countries. The estimate is not a direct one, as those derived from attributable risks estimated in populationbased case-control studies; it is rather an indirect one, derived from routine statistics data and based on a number of assumptions, these being in turn based on data from surveys on tobacco habits. The limitations in the assumptions need therefore to be carefully considered. In the first place, it was decided to use data on the proportion of smokers in the various countries from surveys conducted during the early 1970s to estimate the contribution of tobacco smoking to the burden of lung cancer occurring in the same countries in 1990. Although a latency of 15-30 years is generally assumed for the carcinogenic activity of tobacco in the lung, 17 it is likely that an effect of tobacco is also present before and after the restricted time frame used in this exercise. An increase in the proportion of female smokers was seen between 1950 and 1990 in most of the countries included in this exercise, 18 but the proportion of male smokers was fairly stable in most countries between 1950 and 1980, and a decline has been observed during the 1980s (one exception is the UK, where the proportion of male smokers started to decline earlier). 19 An overestimation of the number of smokers, as is likely the case for the period before 1970 for women in most countries, would lead to an underestimation of the number of ETS-related cancers in the same sex and, to a lesser extent, to an overestimation of the number of ETS-related cancers in the other sex; however, this is likely balanced by an underestimation of female smokers after 1970. One further problem may arise from the use of surveys with different designs (Table 1) : surveys have considered smokers of either all tobacco products or cigarettes only (a problem relevant only to males), as well as either all smokers or regular smokers (a problem more relevant to females).
No information was used on the average number of cigarettes or total tobacco products smoked in the different countries; however, the average number of cigarettes smoked per smoker seems to be reasonably constant in Europe. This aspect was partially taken into account by the choice of different RR for active smoking (ranging between 8 and 15). In fact, given the strong dependence of the final estimate from the assumed RR from active smoking, this may be one of the most critical aspects of the whole exercise. Indeed, the early studies on cigarette smoking and lung cancer risk already showed a strong effect, a finding that did not change in subsequent studies, 20, 21 with an 'average' value of 10 for the RR in ever-smokers when compared with never-smokers.
One problem in the interpretation of the results presented in Table 2 is the apparent lack of consistency in the sex ratio of the number of deaths attributable to living with a smoker among countries. For example, France and Germany had, in both sexes, similar proportions of smokers in 1970 (Table 1) , but the women to men ratio shown in Table 2 is close to 1 for France and close to 3 for Germany. This result is due to the different sex ratio between the two countries in the number of lung cancer deaths in 1990 (Table 1) . However, it is unlikely that the variation in the sex ratio between countries is as large as shown in Table 2 .
Together with the RR of lung cancer from active smoking, the two factors having the largest impact on the present estimates were the proportion of smokers in each sex and country and the RR from exposure to spouse's ETS. There is some agreement in the literature on the plausibility of a lung cancer RR for ETS equal to 1.3, with no difference between males and females. However, as the US EPA attributed an RR of 1.1 for exposure to spouse's ETS in Europe, 9 analyses were also based on this value.
A certain amount of literature has been published concerning estimates of the proportion of lung cancer cases among non-smokers that could be attributed to ETS. For Western countries one estimate gives the values of 20-30%. 22 Estimates have been reported, for instance, on the number of lung cancer cases caused by ETS exposure in Canada, 23 Australia, 24 New Zealand, 25 US 6,9,26-29 and England. 30 An EPA report 9 produced an estimate of 3060 lung cancer deaths per year, in US non-smokers aged 35 and over, attributable to ETS. Within the analysis and with the assumptions adopted in this report, background ETS exposure rather than exposure to spouse's ETS would account for the majority of deaths (about 2200, 72%), with exposure to spouse's ETS accounting for 860 (28%). Of the 3060 ETS-attributable lung cancer deaths, about two-thirds are in females (1930, 63%); two-thirds occur in never smokers (2000, 65%), and one-third in former smokers who have quit for at least 5 years (1060, 35%).
No detailed estimation of the risk has been attempted previously for the EU. 31 This first attempt has been based on the underlying assumption of a dominant contribution from exposure to spouse's ETS. However, it is known that other sources of exposures are also important, particularly from parents during infancy and childhood, 32 in the workplace, 33 household sources other than a spouse and non-household sources of exposure. The collaborative study conducted by IARC 34 to evaluate the validity of self-report of ETS exposures among women married to smokers or exposed outside the home has shown that home exposure is the most important determinant of urinary cotinine, the smoking habits of the husband being the strongest predictor. In men, however, it is likely that exposure to spouse's ETS represents a smaller proportion of total ETS.
Based on our best assumptions, our estimate of 1146 annual lung cancer deaths can be regarded as reasonably founded. Although this figure represents less than 1% of all lung cancer deaths, the proportion among deaths in non-smokers is higher. Therefore, our results suggest that exposure to spouse's ETS represent a relatively important public health problem in the EU.
